T-independent activation of single B cells: an orderly analysis of overlapping stages in the activation pathway.
This review has three chief purposes. It describes a microculture system in which single, hapten-specific B lymphocytes can be microscopically observed, cultured and assayed for antibody production in isolation and thus are the unequivocal target of ligands present in the culture fluid. It defines the respective roles of antigens and cytokines acting singly or in combination in the four discernible phases of the immunoproliferative cascade, namely activation, clonal expansion, IgM antibody secretion and isotype switching. It then argues that this precise stepwise analysis can yield useful information concerning important immunological situations, such as experimentally induced immunological tolerance or the effects of constitutive expression of the c-myc oncogene. Evidence is presented that initial activation of the resting B cell in "T-independent" triggering can be achieved either by attachment of a molecule that has B-cell stimulatory properties, such as FLU-LPS or FLU-polymerized flagellin (FLU-POL) or by the lymphokine interleukin 4 (IL-4). IL-4 + FLU-POL is somewhat more effective than either agent alone. IL-4 alone or, better, FLU-POL + IL-4 can stimulate clonal proliferation of the B cell, but FLU-POL alone does not achieve this. Moreover, IL-4 or FLU-POL + IL-4 lead to very little antibody formation. None of IL-1, IL-2 or IL-5 acting alone causes either activation or proliferation. IgM antibody formation is stimulated most strongly by FLU-POL + IL-5, somewhat less strongly by FLU-POL + IL-1 + IL-2 and rather weakly with antigen plus only one of the latter cytokines. The cloning efficiency in the single cell system, and the median clone size can be markedly enhanced by the addition of small numbers of fibroblast or other filler cells to the cultures. While filler cell-free clones do not progress to the stage of isotype switching, filler cell-supported ones can do so in up to 30% of cases. The only cloned lymphokine which has so far been found to promote such switching is IL-4, and the fact that it is at least as powerful as a T-cell supernatant may mean that it is the only agent active in this particular system. However, the detailed pattern of secreted isotypes is different from that seen when MHC-restricted, carrier-specific T cells act on hapten-specific B cells. Hapten-specific B cells from animals rendered neonatally tolerant to FLU-HGG exhibit anergy in the single cell system.(ABSTRACT TRUNCATED AT 400 WORDS)